Cricoid force is widely applied to decrease the risk of pulmonary aspiration and gastric antral insufflation of air during positive-pressure ventilation, yet its efficacy remains controversial. We compared manual oesophageal compression at the low left paratracheal and cricoid levels for the prevention of gastric antral air insufflation during positive-pressure ventilation by facemask in patients scheduled for elective surgery under general anaesthesia. After gaining written consent, participants were randomly allocated by sealed envelope to one of three groups: oesophageal compression by 30 N paratracheal force (paratracheal group); oesophageal compression by 30 N cricoid force (cricoid group); or no oesophageal compression (control group). Gastric insufflation of air was assessed before and after positive-pressure ventilation by ultrasound measurement of the antral cross-sectional area and/or presence of air artefacts in the antrum. The primary outcome measure was the proportion of participants with ultrasound evidence of gastric insufflation. We recruited 30 patients into each group. Before facemask ventilation, no air artefacts were visible in the antrum in any of the participants. After facemask ventilation of the participant's lungs, no air artefacts were seen in the paratracheal group, compared with six subjects in the cricoid group and eight subjects in the control group (p = 0.012). Our results suggest that oesophageal compression can be achieved by the application of manual force at the low left paratracheal level and that this is more effective than cricoid force in preventing air entry into the gastric antrum during positive-pressure ventilation by facemask.
Introduction
Cricoid force is used to decrease the risk of pulmonary aspiration of regurgitated stomach contents and to avoid gastric insufflation during positive-pressure ventilation under general anaesthesia [1] [2] [3] . The manoeuvre consists of manual force applied at the cricoid level to collapse the upper oesophageal sphincter against the vertebral bodies of the cervical spine [1] . Reported cases of failure to protect the airway suggest that cricoid force may not be consistently applied due to: operator factors (hand position or amount of force applied); patient factors (neck circumference); and/or anatomical factors (location of the oesophagus) [4, 5] . Indeed, oesophageal closure may not be complete because the oesophagus lies on the left side in up to 50% of patients [6] and may be further displaced to the left when cricoid force is applied [7] [8] [9] .
Using an ultrasound transducer, Andruszkievicz et al.
recently demonstrated that the oesophagus can be compressed on the left paralaryngeal side at the cricoid level. However, at this level, the oesophagus could not be visualised by ultrasound in 13% of the subjects studied [10] .
We hypothesised that a more distal paratracheal approach may allow the oesophagus to be identified on ultrasound more consistently, and that force applied at this level would be more effective than cricoid force in the prevention of gastric air insufflation during positive-pressure ventilation by facemask.
In this study, we aimed to: evaluate the ability to visualise the oesophagus at the low left paratracheal level using ultrasound; investigate whether the application of force at the low left paratracheal level using an ultrasound transducer would result in oesophageal compression as assessed by a decrease in anteroposterior diameter; and to compare the effectiveness of digital compression (using the thumb in place of the ultrasound transducer) at the low left paratracheal and cricoid levels in preventing air entry into the gastric antrum during positive-pressure ventilation by facemask.
Methods
The study was approved by the local ethics committee. With the subject in the supine position, a curvilinear transducer (Applio XG iStyle Toshiba with a 8-5 MHz probe; Toshiba Medical Systems Corporation) was placed on the epigastrium in a paramedian sagittal orientation to identify the gastric antrum [11] . The cross-sectional area of the antrum was measured at the level where both the aorta and upper mesenteric artery were visible [11, 12] . Three consecutive measures were taken before induction of general anaesthesia. Standard monitoring was then applied, and anaesthesia induced with propofol 2.5 mg.kg 
Results
Study recruitment is shown in Figure 3 ; 90 subjects completed the study (30 in each group). Baseline characteristics were similar in all three groups ( Table 1) At baseline, no air artefacts were found in the gastric antrum of any subject. After positive-pressure ventilation of the lungs for 3 min, no subject in the paratracheal group had gastric antral air artefacts, but these were found in six and eight patients in the cricoid and control groups, respectively (p = 0.012). Moreover, in patients in whom air artefacts were present, there was a significant increase in antral cross-sectional area compared with those subjects in whom air artefacts were absent (Table 2) . Antral crosssectional area was unchanged in the paratracheal and cricoid groups after ventilation of the lungs, but did increase in the control group (Table 2) .
Discussion
We have demonstrated that the oesophagus can be identified using ultrasound at the low left paratracheal level, and that compression of the oesophagus by the ultrasound transducer at this level reduces its anteroposterior diameter by about one-third. In contrast, Andruszkievicz et al.
reported that the oesophagus can be visualised 'paralaryngeally' at the cricoid level in only 87% of study subjects [10] . One possible explanation for the lower rate of visualisation is that the oesophagus deviates from the midline towards the left in its descent [13] , making it more visible and accessible for compression distally at the paratracheal level.
Digital paratracheal force applied to the oesophagus was effective at preventing air insufflation into the gastric There are some limitations to our study. First, although the research staff were trained on mannikins before the procedures in subjects, improper application of paratracheal and cricoid force cannot be ruled out. Second, since obese patients and those with potentially difficult airways were not studied, the efficacy of low left paratracheal compression is uncertain in these patient antral cross-sectional area appears to correlate with the volume of aspirated stomach contents [16] , our data cannot be used to predict the actual volume of air that enters the antrum and the consequent risk for aspiration. The effectiveness of paratracheal compression in preventing the passage of air into the stomach during positive-pressure ventilation does not translate into the same efficacy in the prevention of oesophageal contents from reaching the pharynx. Finally, the use of cricoid force has been questioned due to potential impairment of facemask ventilation [17] , supraglottic airway device placement [18] and laryngoscopy [19] . In the present study, we did not assess the ease of facemask ventilation or tracheal intubation during the compression manoeuvres.
Our results suggest that oesophagal compression can be achieved by the application of manual force at the low left paratracheal level and that this is more effective than cricoid force in preventing air entry into the gastric antrum during positive-pressure ventilation by facemask. Future studies are needed to address the potential benefits of applying pressure more distally at the paratracheal level as opposed to at the cricoid level, and to substantiate the clinical utility of paratracheal compression in airway management.
